The oat panicle components were changed by the forms of nitrogen use influencing productivity. The aim of the study was to determine the direct and indirect effects of oat panicle components on grain yield by N-fertilizer rates in succession systems of high and reduced release of N-residual. The study was conducted in the years 2013 and 2014 in a randomized complete block with four replications in a factorial 3 × 2, for nitrogen rates (30, 60 and 120 kg•ha −1 ) and oat cultivars (Barbarasul and Brisasul) the soybean/oat and corn/oat systems. The panicle weight and grain per panicle show greater sensitivity to the change of nitrogen rates. Grain yield was favored by the direct effect of harvest index panicle and indirect by grain weight per panicle. In the system soybean/oat, the grain weight of panicle shows greater efficiency in promoting positive direct effects on grain yield.
Introduction
The winter crop rotation is a common practice in agricultural production, essential for the development of a more sustainable agriculture [1] . Oats represent an excellent alternative to diversification and economic contri-bution of the production system, either by covering and protecting the soil and use in feed and food [2] [3] .
The grain yield in oats is incremented with the increased availability of nitrogen, promoting effects that alter the expression of yield components [4] . Proper use of fertilizer in agriculture can promote high quality and productivity, or losses, when the occurrence of the lodging and loss by volatilization and leaching [3] [5] . The type of vegetative cover also influences the losses by leaching or volatilization, and the nitrogen use efficiency [5] [6] . Therefore, the biochemical composition of residues affects the choice of proper dose and time of nitrogen supply, taking into account the nutrient release rate into the soil and the decomposing tissues [7] . The correct nitrogen management highlights the need to meet the dynamics of use by oats at elaboration of the yield components [8] . In this way, the association of grain yield with the components of the inflorescence represents a strategy that can optimize forms of nutrient use [9] . In the understanding and sizing of cause and effect relationships, path analysis has been used in the study of various species, as example, oat [10] , wheat [11] , soybean [12] , sunflower [8] among others. This method is based on evaluation of the effect of an independent variable (x) over a dependent variable (y), after removing the influence of all other independent variables [11] .
The aim of the study is to determine the direct and indirect effects of oat panicle components on grain yield by N-fertilizer rates in succession systems of high and reduced release of N-residual.
Material and Methods
The field experiments with oats were conducted in Augusto Pestana, RS, Brazil (28˚26'30" South latitude and 54˚00'58"West longitude), in 2013 and 2014 years. The soil of the area is classified as Oxisol Distroferric Typical and the climate, according to Köppen classification is temperate humid with hot summer, without dry season. Soil analysis ten days before oats sowings identified the following chemical characteristics of the local: i) corn/oat system (pH = 6.5, P = 34.4 mg•dm of the active ingredient and manual weeding when necessary. At the time of oat sowing, was used NPK formulation (5-20-20) , with nitrogen base of 10 kg•ha −1 (except in the standard experimental unit) and 60 and 50 kg•ha −1 of P 2 O 5 and K 2 O applied, respectively, based on the levels of organic matter, P and K in the soil to expected grain yield of about of 3 t•ha −1 . The rest of the nitrogen to contemplate the remaining doses was applied in coverage with urea (45% N), in four oat leaf stage.
The experimental design was randomized blocks with four repetitions, in factorial scheme 3 × 2 for N-fertilizer rates (30, 60 and 120 kg•ha −1 ) and Oat cultivars (Barbarasul and Brisasul), respectively, totaling 24 experimental units for crop successions of high and reduced relation C/N (corn/oat and soybean/oat system). For that purpose oats harvested manually from three central rows of each plot at the maturity (grain moisture about 22%). Then threshed with a stationary thresher and dried to the 13% grain moisture, in addition to weighing to estimate the grain yield (GY, kg•per•ha −1 ). In the analysis of panicle components, there was the random collection of 20 oat panicles per experimental unit, that they were directed to the laboratory for grain moisture correction by 13%, and subsequent decomposition of inflorescence components (Figure 1) . Therefore, it was measured panicle length (PL, cm), number spikelet per panicle (NSP, n), number grain per panicle (NGP, n), panicle weight (PW, g), grain weight per panicle (GWP, g) and harvest index panicle (HIP, g•g −1 ) given by the relation GWP PW .
The homogeneity and normality was checked by Bartlett test [13] , after the analysis of variance was performed to detect the main and interaction effects. Although evidenced the presence of interaction, the effects to estimate the relative contribution by the nitrogen rates were dimensioned by agricultural year by the joint effect of cultivars, because it are inferences to be generalized about this specie and not a specific cultivar. which allows to estimate the contribution of each variable front the total variability observed. The relative contribution was evaluated by Singh method based on statistical S j [15] . Thus it has been: 
Mean of i-th rate in relation to the j-th trait  ω : Element in the j-th row e j'-th column of the inverse of matrix of variances and covariance residuals.
The total of the distances involving all pairs of treatments is given by:
The . j S values percentages are a measure of the relative importance of the variable. It was determined the magnitude and direction of correlations between grain yield and oat panicle components. The hypotheses were tested at level 5% probability of error adopting the t test, considering 2 n − degrees of freedom and following the model
, being r the coefficient of correlation between traits X and Y; and n = degrees of freedom in levels considered treatments. After it was performed path analysis to detect direct and indirect effects of the variables on grain yield in the supply of nitrogen rates by cropping systems. As the phenotypic correlation includes both parts attributed to genetic or environmental effects, the inclusion of sources of variation for both effects, allowed knowing with greater fidelity the strength of these rela-tions [16] . Therefore, in this analysis, was considered the combined effect of years and cultivars for further decomposition of direct and indirect effects by path analysis. Being Y (grain yield) the main variable resulting from the combined effect of other variables (panicle components), is obtained the following model:
where 1 
where: 
and the residual effect is estimated by:
All analyzes were performed using the GENES software [17] .
Results and Discussion
In Table 1 , the means values in the soybean/oat system in 2013 indicate an increase in the expression of variables in dose of 60 kg N ha −1 in comparison with the higher and reduced rates, including, with means difference in grain yield. This condition has also been observed in most of the variables in the corn/wheat system, although the grain yield has not changed in 60 and 120 kg•ha −1 of nitrogen. It should be noted the higher mean yield values and other components oat panicle in soybean/oat over corn/oat system. This strengthens the importance of the system of succession of lower C/N ratio, providing higher N-residual, particularly for smaller fertilization conditions. The type of plant residue affects the efficiency utilization of nitrogen fertilization the culture in succession [18] . The productivity of biomass and oat grains has shown favored by soybean/oats system, reducing the dependence of nitrogenous fertilizer and the cost of production [4] . The inadequate management of nitrogen fertilization has been one of the factors that have limited the increase in grain productivity in Brazil [19] . In wheat grown on soybean residue, benefits of the N-residual in spike components has been observed, with reflections on productivity [20] . . Means followed by the same capital letter in the line does not differ from each other by the Scott & Knott test at 5% probability of error.
In Table 1 , in the year 2014 in soybean/oat system, increased rates of N-fertilizer not promoted benefits on income of grain. On the other hand, in the corn/oat system, the rate 60 kg•ha −1 of nitrogen promoted greater productivity, however, behavior similar to the highest dose of the nutrient. Highlights that in most variables, there was an increase in the mean in the highest rate, regardless of cropping system. It stands out in 2013 the occurrence of milder temperatures and better rainfall distribution favoring the expression of panicle components reflected in higher grain yield. In addition, in 2014, excessive rains at the end of the cycle contributed less variable expression (Figure 2) .
At the reference [21] positive responses were obtained on the yield and oat panicle components in the increment of N-fertilizer in more restrictive conditions. The yield and wheat spike components were increased by higher N-fertilizer rate, with more pronounced effects on the number of spikes per unit area and grains per spike [22] . Research in white oat indicates that grain yield shows quantitative inheritance with direct and indirect action of subcomponents related [3] . The oat grain yield is a result set of various components, such as total biomass, panicle weight, number grain per panicle, among others. Therefore, individual modifications and/or in combination that can increase or reduce the final yield [23] .
In Table 1 , the relative contribution analysis, the breakdown of the total variability by nitrogen rates highlights in 2013 in the soybean/oat system, the greatest contribution of modification by the panicle weight and of grain panicle. In the year 2014, also these are the variables that have expressed greater contribution by the number spikelet per panicle. Thus, the changes that take place by the increase in fertilizer levels in this condition of cultivation, qualify the grain weight and panicle as the greater variation sensitivity. A relevant fact in corn/oat system in 2013 was also the largest relative contribution by the panicle weight and grain of panicle to answer the 
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nitrogen rate (Table 1) . However, either on soybean/oat or corn/oat system, regardless of cultivation years, the grain weight per panicle proved to be the most responsive changes by fertilizing. Note that as the nitrogen was being incremented, changes in contribution will happening. In 2014 the corn/oat system, a significant magnitude was obtained by the panicle weight, however, lower than the observed by index of panicle harvesting. The relative contribution analysis allows knowing the traits that contribute most to the total variability [2] . Research [24] reports that in Sudangrass, there is the possibility identification of plants more efficient to use environmental stimuli by panicle weight and number grain per panicle. [25] studying oats, also found in the panicle weight the greatest contribution in the identification of plants with higher grain yield variability observed in inflorescence components. According to these same authors, the number grain per panicle and grain weight per panicle were also effective in differentiating more desirable genotypes. In wheat, observed that the weight spike and the number grains per spike were the variables that contribute most of the observed differences in inflorescence [26] .
In Table 2 the correlation and path analysis in soybean/oat system, although the panicle weight is the component of the inflorescence with major change by the dose of nitrogen (Table 1) , the correlation of grain yield with the panicle weight was not observed in reduced and intermediate N-fertilizer rate. Even under these conditions (30 and 60 kg•ha −1 of nitrogen), the grain yield also showed no relationship on the number spikelet per panicle, number grains per panicle and panicle length. These results seem to indicate that system easy N-residual release (soybean/oat) had already brought favoring the expression of these variables, not allowing for changes in these N-fertilizer rates. This hypothesis is strengthened seen that in the condition more higher of the nutrient, we obtained negative correlation between the panicle weight, number spikelet per panicle, number grains per panicle and length panicle with grain yield. This negative correlation showed that the decomposition in path analysis at 120 kg•ha −1 of nitrogen, the vast majority of the variables presented elevated indirect negative contribution by harvest index panicle, panicle length and number grain per panicle, and direct effect by grain yield ( Table 2) .
The study of correlated traits can favor the choice of genotypes and/or handlings more adjusted, provided that is positively show linked to grain yield [27] . However, the correlations by itself does not inform about the cause-and-effect relationship between the explanatory variables and the main, suggesting the decomposition of these relations via track analysis [28] . Reference [10] studying oat populations have noted that the number grains per panicle was the component that most contributed about the correlation of the weight panicle with the grain yield, justifying that the grains account for 80% to 85% of the total weight panicle. In oat cultivars in Mongolia the grain yield proved to be dependent on the weight panicle and number grain per panicle, corroborating in positive correlations with grain yield [29] . [28] studying wheat under different conditions of fertilization found a greater effect on the weight grain component, with direct effect in raising grain yield. In wheat was identified correlations between grain yield and number spikelet per plant, showing that more productive plants presented indirect effect by number grains per spike [30] .
In Table 2 , the correlation of grain yield with the grain weight per panicle highlighted a significant and positive relation in 30 and 60 kg•ha −1 of nitrogen. These associations bring with them a high direct effect for grain yield and indirect by harvest index panicle. However, the absence of correlation in the highest rate brings subsidies to suggest that in this condition, the ability of nitrogen utilization by oats had already been obtained, not allowing maintenance of the linear relation. A relevant fact was the positive direct correlation of grain yield with harvest index panicle, bringing this contribution in all fertilization conditions. In addition, such contribution is favored both for the direct effect by grain yield in different fertilization as the indirect effect by weight grains per panicle to the 30 and 60 kg•ha −1 of nitrogen. [31] also found a correlation of grain yield with grain weight per panicle, even with similar magnitude value (r = 0.60). Significant positive correlation of grain yield with grain weight per panicle and number grain per panicle was found by [2] . According to [32] nitrogen use efficiency in beans varied with the nitrogen rates in the analysis of harvest index, where the agronomic efficacy was decreased with increasing rate. In rice cropping, the increased harvest index and grain weight provides high correlations with grain yield, suggesting variable selection of more productive plants [33] .
In Table 3 , the correlation and path analysis on corn residue, relevant fact was the lack of correlation with grain yield among all tested variables, whether in low or high N-fertilizer condition. Therefore, raises the hypothesis that the reduced fertilization in restrictive condition of N-residual, not allowed differentiation in panicle traits. Furthermore, in the higher fertilizer rate, has been reached the maximum nutrient absorption capacity, not providing possible correlations in these conditions. These hypothesis are reinforced by the presence of correlation between panicle components with grain yield in the intermediate N-fertilizer rate (60 kg•ha −1 of nitrogen), only except for grain weight per panicle. Nitrogen rates in the corn/wheat system exert significant effects on grain yield, and the inflorescence components changed by thousand grain weight and grain weight per spike [9] . According to [23] is extremely important the relations that occur on weight of the oat panicle, because it includes both the number of grains as the weight grains, which are decisive on the final yield of the species.
In Table 3 , the rate of 60 kg•ha −1 of N-fertilizer showed negative correlation of grain yield with the panicle weight, number grains per panicle and panicle length, with large negative indirect contribution of the number spikelet per panicle. This result is reinforced in view of the existing negative correlation between grain yield and the number spikelet per panicle, promoting large negative direct effect by grain yield. Therefore, assume that new genotypes with an increase in the number spikelet per panicle can bring significant changes in a more restrictive condition of N-residual. Emphasize the positive correlation of grain yield with harvest index panicle, mainly by the positive indirect effect of grain panicle weight, condition also verified in the soybean/oat system ( Table 2) . On the other hand, the grain weight per panicle not bring significant benefits when considering the corn/oat system. Studying levels of nitrogen and potassium on oats, [34] verified that the different levels of fertilizer could significantly increase the number spikelet per panicle, panicle length and the panicle weight, . R = correlation; DE = direct effect; IE = indirect effect; R 2 = coefficient of determination; k = coefficient of linearization; *= Significant at 5% probability of error by the test; ns = not significant.
with direct effects on grain yield. [31] found positive correlations of grain yield with the panicle weight in various studied conditions. [10] concluded that the increase in the panicle weight comes mainly from the increase in the number grain per panicle, with little effect on the mean grain weight. In the same way, [2] found that the number grains per panicle not interfere the grain weight, indicating independent action of these components on the inflorescence of the species.
Conclusions
The panicle weight and grain weight per panicle showed greater sensitivity to change the rates of nitrogen.
Grain yield was favored by the direct effect of harvest index panicle and indirect by grain weight per panicle.
In soybean/oat system, the grain weight per panicle showed greater efficiency in promoting positive direct effects on grain yield.
